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NOTATION

The following is a list of acronyms, initialisms, and abbreviations (including units

of measure) used in this document.

ACROI\IYMS|, IMTIALISMS, AND ABBRE'I/IATIONS

AEC
BNI
DOE
FUSRAP
MED
MSL
ORAU
ORNL
PCB

U.S. Atomic Energy Commission
Bechtel National, Inc.
U.S. Department of EnergY
Formerly Utilized Sites Remedial Action Program
Manhattan Engineer District
mean sea level
Oak Ridge Associated Universities
Oak Ridge National Laboratory
polychlorinated biphenyl

UNITS

cm

"^2c*3
d
dpm
ft

OF MEASII.IRE

centimeter{s)
square centimeter(s)
cubic centimeter(s)
daY(s)
disintegrations Per minute
foot (feet)
gram(s)
hour(s)
hectare(s)
inch(es)
kilogram(s)
kilometer(s)
Iiter(s)
meter(s)
squzrre meter(s)
cubic meter(s)
mile(s)
millirem(s)
picocurie(s)
second(s)
cubic yard(s)
yeads)

g
h
ha
in"
kg
km
L
m
^2
-3
mi
mrem
pci
s
vd3
yr

LU
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POSTREMEDIATION DOSE ASSESSMENT FOR THE
ET,ZA GATE SITE, OAK RIDGE, TENNESSEE

by

M. Nimmagadda and C. Yu

ABSTRACT

Potential maximum radiation dose rates were calculated for the

Elza Gate site in Oak Ridge, Tennessee. The RESRAD computer code,
which implements the methodolory described in the U.S. Department of
Energy's manual for implementing residual radioactive material guidelines,

was used in this evaluation. Currently, the site is not being used. Four
potential future use scena.rios were considered for the Elza Gate site; the

scenarios vary with regard to time spent at the site, sources of water used,

and sources of food consumed. In Scenario A (the expected scenario),
industrial use of the site is assumed; in Scenario B (a plausible scenario),
recreational use of the site is assumed. Both Scenarios C and D (possible

but unlikely scenarios) assume the presence of a resident farmer in the

immediate vicinity of the site. The difference between Scenarios C and D

is the source of water used. For Scenario C, an adjacent pond provides

IOOVo of the water for drinking, irrigation, and raising livestock; for

Scenario D, groundwater drawn from a well located at the downgradient
edge of the contaminated zone is the only source of water for drinking,
irrigation, and raising iivestock. The results of the evaluation indicate that
the U.S. Department of Energy dose limit of 100 mrem./yr would not be
exceeded for any scenario. The potential meximum dose rates for

Scenarios A, B, C, and D are 1.5, 0.66, L2, and 42 mremlyr, respectively.

1 INTRODUCTION AND HISTORY

The Elza Gate site in Oak Ridge, Tennessee, is part of the Formerly Utilized Sites

Remedial Action Program (FUSRAP), a U.S. Department of Enerry (DOE) program for

decontaminating or otherwise controlling sites where residual radioactive materials remain
from the early years of the nation's atomic enerry program or from commercial operations
causing conditions that Congress has authorized DOE to remedy. E,lza Gate is a FUSRAP
site not owned by DOE.

The Elza Gate site is located in Oak Ridge, Tennessee (Figure 1). Remedial action
was conducted at the site in 1991 and 1992. Postremedial action surveys and soil samples
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confirm that no radioactivity exceeding DOE guidelines remains in the remediated areas

(Bechtel National, Inc. [BNI] 1992). In addition, an independent verification survey

confrrmed that the site was adequately characterized to identify the types and areal extent

of contaminants and that remedial actions were effective in reducing contamination to levels

below the DOE guidelines and authorized limits (Vitkus and Bright L992). The purpose of

this report is to calculate potential maximum radiation dose rates for both present and

possible future use conditions on the basis of postremediation concentration levels. The

RESRAD computer code, which implements the methodolory described in DOE's manual for

implementing residual radioactive material guidelines (Gilbert et al. 1989), was used to

perform a dose assessment for the Elza Gate site.

1.1 SITE DESCRIPTION AND SETTING

The Elza Gate site covers about 8 ha (20 acres) in the southeastern part of the city

of Oak Ridge, Tennessee, near the intersection of Melton Lake Drive and Oak Ridge Turnpike

(Figure 1). Access to the site is unrestricted. The site became contaminated with radioactive

materials when the Manhattan Engineer District (MED) and, subsequently, the U.S. Atomic

Enerry Commission (AEC) stored uranium ore and ore-processing residues there between

1940 and Lg7Z. polychlorinated biphenyls (PCBs) found on the site resulted from the storage

of electrical equipment by DOE predecessor agencies. The site, also known as the Melton

Lake Industrial Park, is owned by MECO, a real estate development company' Currently,

the site is not being used; however, MECO is developing it for future use as an industrial

park.

The regional topography is characterized by a series ofnortheast-southwest trending

ridges and intervening valleys. The ridges are breached at imegular intervals by stream

channels that otherwise follow the trend of the valleys. Ridges in the area reach elevations

of approximately 300 m (1,000 ft) above mean sea level (MSL). The elevation of the Elza

Gate site is approximately 250 m (820 ft) above MSL; it is about 150 m (500 ft) from the

westerrr shore of a tributary of the Clinch River (Fieure 1). The Clinch River, which

eventually discharges into the Tennessee River, is the source of most of the water used in the

Oak Ridge area. The Melton Hill Reservoir lies south of the site (Figure 2). The site lies

outside the 100-year floodplain (Poligone 1990). Soils in the site area are sandy loams.

The climate at Oak Ridge is warrr and humid. Summers are dominated by warm,

moist air from the Gulf of Mexico. In the winter, cold, dry air masses from Canada are

warmed as the air crosses the Cumberland Mountains and moves down the eastern slopes

to the Oak Ridge area. Precipitation averages 140 cm (55 in.) annually; the relative humidity

averages 707o. Themaximum 24-hour rainfall is about 20 cm (8 in.). Approximately 707o of

the average annual precipitation is lost through evapotranspiration; the rest becomes runoff

to surface waters and recharge to the groundwater. Snow is infrequent but sometimes falls

in sufficient quantity to hinder tralfic and outdoor activities. Winds on the ridges blow

predominantly from the southwest, although winds from the northeast are also frequent.

Remnants of hurricanes and tropical storrns occasionally affect the area.
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1.2 SITE HISTORY

During the 1g40s, the MED stored pitchblende (a high-grade uranium ore from

Africa), residue from ore processing, and other radioactive material at the Elza Gate site'

Originally, the site housed five warehouses, at least three of which stored radioactive

material. In 1946, ownership of the site passed to the ABC, which used the warehouses for

storage until they were vacated in Lg72. During the MED/AEC era, the complex was

accessed by a railroad spur to the southeast and by a road that entered from what is now

Melton Lake Drive. The railroad spur has since been removed.

After a radiological survey and decontamination by Oak Ridge National Laboratory

(ORNL) in lg12,it was recommended that the site be released for use without radiological

restrictions (sapirie Lg72). The original warehouse buildings were removed; however, the

concrete pads were left in place (Figure 2). Th" property was then relinquished by the AEC

in !972, and the city of Oak Ridge assumed title to the property' That same yeil' the city

sold the property to Jet Air, Inc., which operated a fabricating and metal plating facility on

the site. Jet Air, in turn, sold the property to MECO in 1988'

In 1987, at the request of the Tennessee Department of Health and Environment,

Oak Ridge Associated Universities (ORAU) conducted a survey at the site because of the

possibility of contamination from the Jet Air metal plating facility (Eeli 1988). The suwey

confirmed the presence of heavy metal contamination. In addition, uranium was discovered

in the soil at concentrations above background levels'

In 1g88, MECO added offices to the structure on Pad 1 built by Jet Air and

constrrrcted a new access road to develop the property for lease and sale as an industrial park

(Fieure 2). In October and November 1988, the pad area along Antwerp Lane was

radiologically sunreyed by the Measurement Applications and Development Group of ORNL

(Cottrell et al. 198gj. ntir area and the original site access road were found to exceed DOE's

radiological criteria for unrestricted use of a site, making the site eligible for inclusion in

FUSRAp. On November 30, 1988, the entire Melton Lake Industrial Park was authorized

for inclusion in FUSRAP (Fiore 1988).

In 198g and 1990, comprehensive radiological, chemical, and hydrogeological

characterization activities were conducted at the Elza Gate site to determine the boundaries

of contamination that exceed DOE guidelines. In general, these surveys indicated levels of

radioactive contamination exceeding DOE euidelines around the edges of the concrete pads,

in the cul-de-sac of the access road, and in several other small areas on the site (BNI 1991)'

Remedial action was conducted at the site in 1991 and 1992 on the basis of these

characterization data.
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1.3 SI]MIT{ARY OF REMEDIAL ACTION ACTWITTES

The DOE remedial action guidelines for alpha activity on concrete surfaces are
5,000 dpm/100 cm2 average, 15,000 dpm/100 cm2 maximum, and 1,000 dpm/100 cm2
removable (DOE 1990). The DOE guidelines for radium-226,thonvn-232, and thorium-230
concentrations in soil are 5 pCi/g when averaged over the first 15 cm (6 in.) of soil below the
surface and 15 pClg when averaged over any soil layer 15 cm (6 in.) thick below the surface
layer, excluding background concentrations (DOE 1990, 1992). For uranium-238, a site-
specific guideline of 35 pCi/g was derived (Wagoner 1991). Where contamination exceeded
applicable guidelines, remedial action was conducted until measurements indicated that DOE
guidelines had been met.

Remedial action at the Elza Gate site was conducted in two phases. Details of the
remedial action sampling are provided by BNI (1992). The estimated dose to the remedial
action workers is given by DOE (1991). Phase I consisted of removing the original concrete
Pad 1, excavating contanrinated soil beneath the pad, and excavating soil from five other
areas outside the building (Figure 3). The soil beneath Pad 1 was removed to a depth of
approximately 0.5 m (1.5 ft). The five remediated areas outside the industrial building were
excavated to the depths indicated in Figure 3. In L992, a new concrete pad was laid in the
area of the preexisting concrete Pad 1 (Keller 1993). A total of 373 mB (488 yds) of
contaminated soil was removed from beneath Pad 1; 112 ms (146 yd3) was removed from the
frve areas outside the building (BNI L992). Phase II of the remedial action consisted of
completely removing concrete Pads 2, 3, and 4 (including their associated foundations),
removing a small section of Pad 5, and excavating contaminated soil from beneath the pads
and at other locations across the site (Dury 1991). Figure 4 shows the areas of radioactive
contamination remediated during Phase IL The ma'rimum depth of radioactive contamina-
tion was 2.L m (7 ft).

AII contaminated concrete and soil removed during both phases of remedial action
was transported to the DOE Oak Ridge Reservation and used as fill material in the closure
of the United Nuclear Corporation disposal site. Approximately 5,124 ms (6,200 yd3) of
material was taken to the disposal site (Wagoner 1991). The structures that currently exist
at the site include the building, the concrete pad laid on the perimeter of the original concrete
Pad 1, the new concrete pad laid in the area of the preexisting concrete Pad 1, concrete
Pad 5, and Antwerp Lane Road (Keller 1993).

Radiological sunreys were conducted as remedial actions were completed to confirm
that no radioactivity exceeding DOE guidelines remained in the remediated areas. These
surveys included direct surface measurements on the concrete pads and analysis of soil
samples collected from excavated areas. Survey results indicated that the areas identified
as exceeding guidelines during characterization activities were successfully brought into
compliance with applicable DOE cleanup guidelines for radioactive contamination (BNI 1992;
Vitkus and BrightL992). Compliance with U.S. Environmental Protection Agency guidelines
for chemical contamination was also achieved during cleanup of areas contaminated with lead
and PCBs (BNI 1992; Vitkus and Bright L992).
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2 SCENARIO DEFIMTIONS

Currently, the Elza Gate site is not being used; however, for assessing post-
remediation dose, four potential exposure scenarios were considered. All scenarios assumed
that at some time within 1,000 years the Elza Gate site will be released for use without
radiological restrictions. Potential radiation doses resulting from nine exposure pathways
were analyzed: (1) direct exposure to external radiation from the decontaminated soil
material, (2) internal radiation from inhalation of contaminated dust, (3) internal radiation
from inhalation of emanating radon-222, (4) internal radiation from ingestion of on-site soil,
(5) internal radiation from ingestion of plant foods grown in the decontaminated area and
irrigated with water drawn from the pond or well adjacent to the decontaminated area on the
downgradient side, (6) internal radiation from ingestion of meat from livestock fed with
fodder grown in the decontaminated area and water drawn from the pond or well, (7) internal
radiation from ingestion of milk from livestock fed with fodder grown in the decontaminated
area and water drawn from the pond or well, (8) internal radiation from ingestion of aquatic
food (frsh) from the pond, and (9) internal radiation from drinking water drawn from the pond
or well.

Scenario A (the expected scenario) assumes industrial use of the site. A hypothetical
person is assu:ned to work in the area of the site for 8 hours per day (6 hours outdoors and
2 hours indoors), 5 days per week, 50 weeks per year. The industrial worker does not ingest
drinking water, plant foods, or fish from the remediated area; neither does the worker ingest
meat or milk from livestock raised in the remediated area.

Scenario B (a plausible scenario) assumes recreational use of the site. It is assumed
that, at some time in the future, the site will be used as a public park. A hlryothetical person
spends 15 hours per week, 50 weeks per year in the decontaminated area of the park. The
recreationist does not ingest drinking water, plant foods, or fish from the decontaminated
area or ingest meat or milk from livestock raised in the decontaminated area.

Scenario C (a possible but unlikely scenario) assumes the presence of a resident
fa:rner in the immediate vicinity of the site who drinks water obtained from a pond affacent
to and downstream of the decontaminated area, ingests plant foods grovrn in a garden in the
decontaminated area, and ingests meat and milk from livestock raised in the decontaminated
area. All water used by the farmer is drawn from the pond adacent to the decontaninated
area. The individual also ingests fish taken from the pond.

As in Scenario C, Scenario D (a possible but unlikely scenario) assumes the presence
of a resident farzter; however, in this scenario, groundwater drawn from a well located at the
downgradient edge of the contaminated zone is the only water source for drinking, i:rigation,
and raising livestock.

The RESRAD computer code (Gilbeft et al. 1989) was used to calculate the radiation
doses for the h5ryothetical future worker, psffssf,flonist, or resident for the four scenarios, on
the basis of the following assumptions.
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Scenario A

- The industrial worker spends 2,000 hours per year on'site (25Vo

indoors and 75Vo outdoors).

- The worker does not consume any meat, milk, water, aquatic food, or

vegetables from the site.

- The walls, floor, and foundation of the industrial building reduce

external exposgre by 30%; the indoor dust level is 407o of the outdoor

dust level (Gilbert et a]. 1989).

- The depth of the house or building foundation is 1 m (3 ft) below the

glound surface, with an effective radon diffirsion coefficient of

2 x 10-6 m2ls.

Scenario B

- The recreationist spends ?50 hours per year on-site, all outdoors.

- The recreationist does not consume any meat, milk, water, aquatic

food, or vegetables from the site.

Scenario C

- The resident farmer spends 507o of the time indoors in the

remediated area, 25Vo outdoors in the remediated area, and257o away

from the remediated area.

- The decontaminated area is large enough that 5O7o of the plant food

diet consumed by the resident farmer is grown in a garden in the

decontaminated area.

- The decontaminated area is large enough to provide sufficient meat

and milk for the resident far:rrer from livestock raised (i.e., foraged)

in the remediated area.

- Vegetables are irrigated by and livestock are provided with water

drawn from the pond located adjacent to the decontaminated area.

- The aft'acent pond provides 50% of the aquatic food consumed by the

resident farmer.

- The a{iacent pond provides 100% of the drinking water consumed by

the resident farmer.
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- The depth of the house or building foundation is 1 m (B ft) below theground surface, with an effective radon diffirsion coefncient of2 x 10-6 mzls.

. Scenario D

' AII assumptions are the same as for scenario c; however,groundwater drawn from a well at the downgradient edge of the
contaminated zone is the only water source fordrinking, ilgation,
and raising livestock.

All pathways considered for scenarios A, B, c, and D are summ arized,in Table 1.

TABLE 1 Summary of pathways for Scenarios d B, C, and D at theElza Gate Sitea

Pathway Scenario A Scenario B Scenario C Scenario D

External gamma exposure
Inhalation

Dust
Radon

Ingestion
Plant foods
Meat
Milk
Fish
Soil
Waterb

Yes

Yes
Yes

Yes

Yes
Yes

Yes

Yes
Yes

Yes

Yes
Yes

No
No
No
No
Yes
No

No
No
No
No
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

scenario A, industrial worker; scenario B, recreationist; scenarios c and D,resident farmer.

Source of water used:- 1007o pond water for drinking irrigation, and livestock forScenario C; l00Vo well water-fo" Sce"aJo n.
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3 SOURCE IERMS

The source terrn concentrations used in the RESRAD computer code were calculated

with data co'ected from a postremedial soil sun/ey ("NI lggz). Approximately 150 soil

samples were colrected from areas excavated during phases I and II of the remedial action'

Thesurveyinc ludedmeasuredres idualconcentrat ionsofuranium-238,radium.226,
thorium-2'0, and irro"iu--zgz. fire-resurts of the soil samples indicate that radionuclide

concentrations do not exceed the DoE remedial action guidelines (BNI 1992)' Depths of

residuar contamination ranged from 0 to 8.4 m (0 to 11 ft), but residuar contamination was

typicalry confined;;. top-r.r m (5 ft) orsoit. Average background concentrations were arso

reported in the postremedial soil ,*", report (BNI 1992). The average concentrations are

based on soil .oo*t""tions taken from three background locations within an 8-km (5-mi)

radius of the site'

Allscenariosassumedthattheconstructionofahouseorindustrialbuildingwould

result in excavation and urixing of on-site soil' Because of the excavation and mixing of soil'

radionuclide concentrations for the entire site were based on the arithmetic average of soil

data given io ruuie" +_1 and 4-2 of thepostremediaf sunev report (BNI 1gg2)- The average

radionucride concentrations ro" *J.*-2Bg and thorium-2go for the entire site were used

inthisassessment(backgroundconcentrationsweresubtracted).Theaverageradium-226
and thorium _2BZ concentrations *.* .o-parable to background revels; therefore, they were

not considered in this analysis (Tabre 2). boncentrations of uratriu-m-234 and uranium-235

were inferred on the basis or trr" lssumption that uranium-2'8, uranium-234, and

uraniun_235 are present in their natural activity concentration ratio of 1:1:0.046. In

addition, the concentrations of actinium -227 and'protactinium-23l were assumed to be in

securar equilibrium with uranio--zgb. The radionuclide concentrations used in the RESRAD

computercodearepresentedinTable2.ThevariousparametersusedintheREsRADcode
are listed in the Appendix. Except for the radionucride concentrations and the area of

contamination, aI varues used in the RESRAD computer code were those used in deriving

the uraniurn guidelines for the site (Cheng et al' 1991)'



13

TABLE 2 Radionuclide concentrations (pcug used in the RESRADCode for Analysis of the nfza C]te 6ite

Radionuclide

Average
Radionuclide

Concentrationa

Average
Background

Radionuclide
Concentrationb

Radionuclide
Concentration Used

in RESRADC

Uranium-288
Radium-226
Thorium-282
Thorium-230
Uranium-234
Uranium-2Bb
Actinium-227
Protactiniulgf,-ZBL

4.9
NAd
NA
1.5
4.gf
0.22t
0.22s
0.228

a Average radionuclide concentrations were calculated on the basis of soil datagiven in Tables 4-1 and 4_2 ofBNI (1992).
b Source: BNI (1gg2).
c The background radionuclide concentration is subtracted from the averageradionuclide concentration.
d NA = not applicable because the concentration is below background.
e A hyphen indicates that the concentration was not measured for thisradionuclide.

f concentration based on the ass'mption that -uranium-28g, urani um-284,and uranium-235 are present in their natural activity concentration ratio of1:1:0.046.

8 concentration based o1 the_ assumption that the radionucride is in secularequilibrium with uranium_235.

1.0
1.3
1.5
1.0

5.9
1.0
1.3
2.5

e
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4 RESI.TLTSI

TheREsRADcomputercodewasusedtocalculatethepotentialradiationdosesfor
each exposure scenario. The time ;;" considered in this analysis was 1'000 years'

Radioactive decay and ingrowtn *"r""o*iaered in calculating the maximum dose rates' The

various p"""_"*"Jor"Jin the RE'RAD code for this analvsis are risted in the Appendix'

The calculated marimum dose rates lo" St"o"tios A' B' C' and D are presented in Table 3'

For all scenarios, the maximum dose rate does not erceed the DoE at'nual limit of

100 mrem/yr (DOE 1gg0, 1gg2). ro" s."ooios A (industrial worker) and B (recreationist),

the maxim* ao'" ;;t;' at time 0 (the year the postremediation radiological sun/ey was

conducted). The times at which the maximum d'ose rate would occur are 729 and 792 years

forowing the postre*"airtioo ""aiotogi."t 
s.r*"y_fo" scenarios c and D (resident faraners),

respectively. rrr.;*imrun dose-rates for s.eo"rio, A (industrial worker) and B

(recreationist) are less than 2 nremryr. For these two scenarios, inhalation of dust is the

dominan tpa thway ,con t r ibu t in * .nn**a te ry73%of the f ,9 f6 |ennua ldose .For
Scenarios C (resfrent farrrer: rcOn pond water) and D (resident farrner: L00Vo

TABLE 3 Surnrnary of Potential Marimum Dose Rates (mrem/yr) for

Scenarios A B, c, ;J p 
"t 

tu" Elza Gate Sitca

Scenario A Scenario B Scenario C Scenario D
PathwaY

0.31 0.13
External gamma exposure

Inhalation
Dust
Radon

Ingestion
Plant foods
Meat
Milk
Fish
Soil
Water"

Total

NAb
NA
NA
NA

0.064
NA
1.5

0.50
0

NA
NA
NA
NA

0.028
NA
0.66

1.9

0.78
0.66

7.2
0.51
0.014
0.24
0.059
0.31
L2

1.8

0.72
0.66

11
3.8
0.24
0.25
0.056

23
42

1 .1
0

a For scenarios A and B, the maximun dose occurs at time 0 (the year the

postrenediation radiologiot survey *;;;"d".teal. Th9 times at which the

maximumao""""#iT'iifi ;;"!21*'ay1t1":3tltt""::3.l,'".t".
l.Tlfih"":i.""':ffffi;.i-r"*"v r.' s."""'io" b and D, respectivelv'

|r[[ = not applicable because it is not a pathway of concern'

Sourceofwaterused: l00Topondwaterfordr inking, i rr igat ion,andl ivestockfor
Siurrttio C; l00vo well water for Scenario D'

b

c
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12 and 42 mrem/yr, respectively. The plant
y 60Vo of the dose, and the external gamma
rf the total annual dose for Scenario C. For
ributes approximately 26Vo of the total annual
ion and the ingestion of meat contribute
lose. Ingestion of groundwater for Scenario D
.nts for about 55% of the total annual dose,
Scenario C) contributes only BVo of the totai
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APPENDDK

PAR"AIVIETERSUSEDINTHEA}.IALYSISoFTEEE|'7'AGATESITE

The parametric values used in the RESRAD code for the analysis of the Elza Gate

Site are listed in raute A.1. AU parametric values are reported, to three significant frgures'

Some parametri.'Jo", tt" 
"p".ific 

io the Elza Gate Site; other values are genenc'

TABLE.{. lParametersUsedintheRESRADCodeforAnalysisofthe
Elza Gate Site

Value

Scenario A Scenario B Scenario C Scenario D
Unit

Parameter

Area of contaminated zonea

Thi"ko"r" of contaminated zone

f*"*TO*"Uel to aquifer flowa

ioitiut prio.ipal ra dionuclide concentration

Actinium-227
Protactinium-231
Thorium'230
Uranium-234
Uranium-235
Uraniurn-238

Cover dePth
DensitY of contaminated. zone

Contaminated zone erosion rate

Coot.mio"t"d zone total porosity .
6""i.t"r""t"a zone effective porosity .
E""l"m"."a zone hydraulic conductivity

Contaminated zone b Parameter

EvaPotransPiration coeffi cient

PreciPitation
Irrigation
Irrigation mode

Runoff coefficient
w"i"itrt"a area for nearbY Pond

DensitY of saturated zone

Saturated zone total PorositY
Saturated zone effective porosity -
Sri*"*a zone hydraulic conductivity

i"tn .rca zone hYdraulic gradient

Saturated zone b Parameter
Water table droP rate

fi;iiffi;*aire depth (below water table)"^-

Model: nondispersion (ND) or mass-balance (MB)

N"otl". ofunsaturated zone strata

Unsaturated zone 1, ttrick-ness

Unsaturated zone 1, soil densitY

Unsaturated zorle L, total porosity -
U".tt,o"t"a zone 1, efrective porosity

Uortt tt.t"a zone 1, soil-specific b paraneter

Ui..i*"*a zone 1, hydraulic conductivity

Unsaturated zone 2, thickness

Unsaturated zone 2, soil ilensitY

Unsaturated zone 2, total PorositY

mZ
m
m

80,930
1.5
2U

0.22
o.22
1.5
4.9
0.22
4.9
0

1.8
0.0004

0.4
0 .3
18.?
7 . r2
0 .7
1.4
0.3

not used
0.3

not used
2.O

not used
not used
not used
not used

7.75
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used

80,930
1.5
2U

0.22
o.22
1.5
4.9
o.22
4.9
0
1.8

0.0004
0.4
0.3
18.7
7.L2
0.7
1.4
0.3

not used
0.3

not used
2.O

not used
not used
not used
not used

7.75
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used

80,930
1.5
2U

o.22
o.22
1.5
4.9
o.22
4.9
0
1.8

0.0004
0.4
0.3
18.7
7 .L2
0.?
1.4
0.3

overhead
0.3

7,560,000
2.O
0.4
0.3
L92

0.084
7.75

0.0004
10

ND
2
1.4
1.8
0.4
0.3
7.L2
18.7
L.7
2.O
0.4

80,930
1.5
2U

0.22
o.22
1.5
4 .9
0.22
4.9
0

1.8
0.0004

0.4
0 .3
18.?
7. r2
0.?
1.4
0 .3

overhead
0.3

?,560,000
2.0
0 .4
0 .3
192

0.084
' I . l o

0.0004
10

ND
2
L.4
1 .8
0.4
0 .3
7.r2
18.7
1 .7
2 .0
0.4

pcvg
pCl/e
pCi/g
pCi/g
pcvs
Pcls
m
d"-g
r,t'yr
-b
b

m|rr
b

b

m/)'r
n/Yr

b

b

m2
clcmg

b

b

mlYr
b
b

m/Yr
m
-b
b

m

clcrg
o

b

b

mlYr
m
c/cm3
b
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TABLE.dI (Cont.)

Value
Parameter Unit Scenario A Scenario B Scenario C Scenario D

l{nsafurale{ zone 2, effective porosity
Unsaturated zone 2, soil-specihc b parameter

::r:a:urared zone 2, hydraulic conductivitv
urstnbution coefficient

Contaminated zone
Uranium_284
Uranium-23b
Uranium_2Bg
Actinium-22?c,d
hotactinium_2Blc,d
Lead-2l0c,d
Radium-226c,d
Thorium-230d

Unsaturated zone I
Urani 'm-284
Uranium-23E
Urani 'rn-23g
Actinium-22f,d
Protactinium-23lc,d
Lead-210c,d
Radium-226c,d
ffuefirrm_!gfld

Unsaturated zone 2
Uranium-284
Urani 'm-2BE
Uranium-2Bg
Actinium-22?c,d
Protactinium_23 lc,d
Lead-2l0c,d
Rafium-226c,d
Thori ,rn_280d

Saturated zone
Uranium-234
Urani 'm-2Bi
Uranium-23g
Actinium-22Zc,d
Protactinium-28 lc,d
Lead-210c'd
Radium-226c,d
Thorium-280d

Inhalation ratec
Mass loading for inlalationc
Shielding factor, inhalation

Meat and poultry consumptionc
ltsh consumptionc
Other seafood consumptioDc
Soil ingestion ratec
Drinking water intakec
Fraction of drinking water from sitea

_b
b

n/w

cm3/g

not used not used
not used not used
not used not used

It4
L74
rL4
20
50
r00
70
276

0.3
t . t b

r92

r14
rt4
tL4
20
50
100
70
276

L14
tt4
It4
20
60
100
70
276

0.3
7.75
792

L14
114
It4
20
50
100
70

276cm3/g

cE.3/g

"m3/g

114
tt4
LL4
20
50
100
70
276

t14
114
tt4
20
50
100
70
276

6.8
6.8
6.8
20
50
100
70
276

6.8
6.8
6.8
20
50
100
70
276

8,400
0.0002
0.40
0.70

0
0.086

I
3

not used
not used
not used
not used
not used
not used

36.5
not used
not used

tL4
rt4
7L4
20
50
100
70

276

6.8
6.8
6.8
20
50
100
70
276

rt4
LT4
114
20
50
100
70
276

6.8
6.8
6.8
20
50
r00
70
276

nglyr

1^'
-b
-a

-a

-b

D

ks/w
ks/w
uyr
kg/yr
kdvr
ksbr
slw
Uw
b '

6.8
6.8
6.8
20
50
100
70

276
8,400

0.0002
0.40
0.70

0.057
0.171

I
3

not used
not used
not used
not used
not used
not used

36.6
not used
not used

6.E
6.8
6.8
20
50
100
70
276

8,400
0.0002
0.40
0.70
0.50
0.25

1
3

160
74
92
63
5.4
0.9

36.5
510

I

6.8
6.8
6.8
20
50
100
70

276

6.8
6.8
6.8
20
50
100
70

276
8,400
0.0002
0.40
0.70
0.50
0.25

1
3

160
t4
92
63
5.4
0 .9

36.5
510

I
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TABLE ^dl (Cont.)

Value

Unit Scenario A Scenario B Scenario C Scenario D
Parameter

hom surface water)a
Drinking water
Livestock watcr
Irrigation

Total frrosity of the cover mat'erialc

In cover material
In foundation material

b

ksld
ksld
Ud
UA
sl^3
m

not used
not used
not used
not used
not used
not used

0.15
not used

not used
not used
not used
not used

0.1

not used
0.05

not used
2.0 x 10€
2.0 x 104

0.2
2 .O
2.O
1.0
2.5
2.4
0 .15
1.0

not used
not used
not used
not used
not used
not used

0.15
not used

not used
not used
not used
not used
not used

not used
not used

uot used
not used
2.0 x 10$

o.2
2.0
2.O

not used
not used
not used
not used
not used

0.5
68
D O

50
160

0.0001
0.15
0.9

0
0
0

not used
0 .1

not used
0.05

not used
2.0 x 10{
2.0 x 10s

o.2
2.O
2.0
1.0
2.5
2.4
0.15
1.0

0.5
68
b o

50
160

0.0001
0 .15
0.9

I
I
I

not used
0 . 1

not used
0.05

not used
2.0 x 10€
2.0 x 10-6

0.2
2 .O
2.O
1.0
2.5
2.4
0 .15
1.0

m
b

-b
b

b
b

m/s

-b

m
m/s
t/h
m
gt" "
m
m

Building depth below ground surface'

a Values based on site specifications or scenario assumptroDs'

b Parameter is dimensionless'

" R.ESRAD default values'

d Radionuclide is a decaY Product'

source: Liedle, s.D., 1990, letter from Liedle (Project Manager-FUSRAP' Bechtel National' Inc'' oak Ridge' Tenn') to

J.S. Devg'n (Argonne N.ii*rr Laboratory, Arg";;, nitdpt. 20, except where inilicated by footnotes "a" or "c'"


